Data on 5,130 unsupplemented Hereford range cattle were used to evaluate genetic and phenotypic parameters of growth to 2 yr of age under extensive range conditions. From those data, records on 769 heifers saved as replacements were used to evaluate the relationship between growth and subsequent productivity expressed as most probable producing ability (MPPA). Variation in weight largely was due to the year effect. Also, age of dam, the interaction between age of dam and year and the regression on day of birth significantly affected weaning weight. Heritabilities among males and females, respectively, were: birth weight, .53 -+ .09 and .52 • .09; weaning weight, .05 + .03 and .18 + .05; 12-mo gain, .24 + .10 and .10 + .04; 20-mo gain, .62 -+ .18 and .29 + .08; 24-mo gain, .45 + .16 and .17 -+ .07. The traits evaluated may have been a response to nutritional stress as well as galnability. The genetic correlation between gain from weaning to 12 mo (a period of weight loss) and gain from 12 to 20 mo (greatest weight gain) was -.93 + .45. Metabolic processes favoring growth in a good nutritional environment may result in greater weight loss in a stressful nutritional environment. The genetic correlation between a heifer's gain from weaning to 12 mo and her subsequent MPPA was .47 + 28, whereas the correlation between gain from 12 to 20 mo and subsequent MPPA was -.55 +-.23. Genes that enable a heifer to cope with stress at a critical stage of development (weaning to 12 too) have a favorable influence on her productivity as a dam under non-supplemented conditions.
I nt rodu ction
Beef cattle that are entirely dependent on natural range forage for growth and productive functions exhibit a seasonal cyclicity in body weight and condition in many areas of the world. Periods of weight gain are normally followed by periods of weight loss, resulting in a discontinuous pattern of growth from birth to a marketable weight or mature weight. Many beef producers in the United States provide supplemental feed during periods of forage inadequacy to minimize or eliminate the normal periods of weight loss. This management practice is common in experimental herds 1 Journal paper no. 4174 of the Arizona Agr. Exp. Sta.
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a Dept. of Anita. Sei. 4 Deceased. SCurrent address: 149 State Hwy. 81 East, Platreville, Wl 53818. Received February 14, 1986 . Accepted January 26, 1987 from which the bulk of our genetic parameters have been derived. Providing supplemental feed is not a common practice in most beef breeding herds in the southwestern United States, or in many other areas of the world. Annual (or even semi-annual) periods of nutritional stress are the rule, resuiting in alternating periods of weight gain and weight loss. Genetic parameters derived from herds managed under these natural environmental conditions may differ markedly from those obtained in most experimental herds in the United States. The purpose of this study was to determine genetic parameters of growth traits in a large, unsupplemented herd of range cattle, and to relate these traits to subsequent cow productivity as measured by most probable producing ability (MPPA).
Materials and Methods
Location, Cattle and Management. Data for this study were collected from 2,647 heifer calves and 2,483 bull calves born during the years 1957 through 1975 in a registered Hereford herd owned and managed by the San Carlos 1630 J. Anita. Sci. 1987 Sci. . 64:1630 Sci. --1637 Apache Indian Tribe (Taylor, 1966; Ray et al., 1970) . The herd was maintained on semi-arid range at an altitude of 1,500 m approximately 100 km east of Globe, Arizona. Average temperatures ranged from 7.2 C in the winter to 29.4 C in the summer. The forage of the area was described by Nichol (1952) and is predominantly desert grassland vegetation. The majority of annual forage production results from summer rainfall occurring during July and August. Quantity and quality of forage normally peaks during September and October and declines thereafter until the following summer rains. The cattle were maintained only on range forage. The normal stocking rate is 16 to 20 ha/animal-unit yearly. Cows were allotted randomly within age groups to single-sire breeding pastures prior to calving and remained there until the end of the breeding season. Approximately 30 cows or heifers were placed in each breeding pasture. Replacement heifers entered the breeding herd at 2 yr of age and cows were normally culled at 10 yr of age.
The breeding season extended from the first of May to the end of July. Weaning occurred in November during the years 1957 through 1969 and thereafter in October. Breeding pastures had similar water and forage available for a particular year, although conditions varied considerably between years. During the calving season, newly born calves were identified with a tattoo; birth date, dam identification and birth weight were recorded. Bull calves were not castrated. Weaning weights and 20-mo weights were obtained in October or November and 12-and 24-mo weights were taken in March.
Numerous lines of bulls were used throughout the years of this study. These included lines from experiment stations in Montana, Wyoming, Utah, New Mexico, Colorado, Nevada and Arizona. Sires were treated as a random sample of bulls available to commercial producers. In this study, sires were confounded with years.
Some data were eliminated from the analyses. Early weaned animals (avg age = 75 d), consisting of approximately 251 calves, were excluded. All orphans, .blind calves and calves from crippled cows were eliminated. Animals without a birth date or weaning weight were removed. Calves born less than 25 d into the year and more than 153 d were excluded as they would represent accidental matings outside the normal breeding season. BuLls put on a feeding test after weaning were excluded from analyses dealing with postweaning traits. These bulls were a random sample from each sire group over a 4-yr period.
Statistical Analysis. Due to the size of the data set and limitations imposed by available statistical programs and computer facilities, preliminary analyses were conducted to determine correction factors.
Birth weight was not adjusted. Weaning weight was adjusted to 230 d (average daily gain • 230 + birth weight). Sex correction was not necessary because analyses were done within sex. However, age-adjusted weaning weight was standardized to the average of 7-yr-old dams in 1975 to account for large significant variation due to year, age of dam and their interaction. Furthermore, weaning weight was adjusted to a mean day of birth (d 66) to account for a season of birth effect. The adjustment factors for year, age of dam and year x age of dam were derived from a model with year as a main effect, plus linear and quadratic regression terms for age of darn and the interaction between year and age of dam. The effect of season of birth was determined from a separate analysis where weaning weight, adjusted as described previously, was regressed on linear and quadratic terms for day of birth. The resulting adjusted weaning weight was used to calculate weaning weight ratios, repeatability and MPPA. Most probable producing ability was determined by the procedures recommended by the Beef Improvement Federation (USDA, 1981) utilizing repeatability determined in this herd.
Gain or loss postweaning was standardized to a constant period of time of 135, 370 and 500 d for 12-, 20-and 24-mo data, respectively. Subsequently it was adjusted for year and, in some cases, age of dam. Adjusted weights at 12, 20 and 24 mo were determined by adding adjusted weaning weight and adjusted gain.
Heritability was estimated for each weight and gain from paternal half-sib analyses, and repeatability of adjusted weaning weight ratio was estimated from a maternal half-sib analysis. Sire groups with less than five progeny were excluded from the analyses. A paternal half-sib analysis on a reduced data set of 769 cows, born between 1957 and 1972, was used to obtain genetic and phenotypic correlations among weight, gains and subsequent MPPA of the cows (Harvey, 1979) . In the genetic analysis, 65 sire groups were involved with an effective number of progeny/sire of 11.7. The average number of calves/cow for MPPA was 3.2.
Results and Discussion
Birth Weight. Average unadjusted birth weight was 34.8 kg for males and 33.4 kg for females (table 1). The difference of 1.4 kg between males and females is somewhat less than the average difference reported by Woldehawariat et al. (1977) . There did not appear to be a trend in birth weight over years. However, average birth weight of males varied by 6.3 kg between the highest and lowest year, while the range was 5.9 for female calves.
Weaning Weight. Weaning weight adjusted for age of calf was 206.2 kg for males and 192.8 kg for females. Year, age of dam and year x age of dam interaction significantly affected weaning weight adjusted for age of calf. Similarly, day of birth was a significant effect for weaning weight adjusted for all previous factors. Weaning weight adjusted for all factors was 222.7 kg for males and 215.0 kg for females (table 1). The difference of 7.7 kg between males and females was less than one half the average difference reported by Woldehawariat et al. (1977) .
Both the linear and quadratic regressions of weaning weight on day of birth were highly significant in males. Only the linear effect was significant in females. Values for the regression coefficients were -.171 (linear) and .002 (quadratic) for males. The coefficient for females was .137 (linear). In this study, later-born female calves performed better in terms of weaning weight but the opposite was true for male calves. It is possible that forage is limiting for dams calving during the early part of the calving season. A difference was evident in the shape of curves (linear vs quadratic) for males and females. Pahnish et al. (1964) speculated that this difference in the shape of growth curves was the cause for differences in heritability estimates between males and females. Male calves may be more sensitive to changes in the environment because they are larger than female calves and need more nutrients to express fully their growth potential.
Most authors have found highly significant year and age of dam effects, as we did (Pahnish et al., 1958; Rutledge et al., 1971) . Others have reported significant year x age-of-dam interaction (Harwin et al., 1966) . Although some authors report separate correction factors for each sex, others have not found a sex • age-ofdarn interaction.
If we assume that differences among years are primarily a reflection of nutritional environment, then these data support the argument that age of dam correction factors change, depending on the nutritional environment. The range in age of dam correction factors for bull calves during "good"years was 12.3 kg, whereas during "poOr" years the range was 21.9 kg. Comparable values for the heifer calves were 6.5 and 10.8 kg, respectively. Age-of-dam correction factors for male calves in this study were approximately twice the size of correction factors for female calves. However, these age-of-dam correction factors are less than the average of correction factors reported by Woldehawariat et al. (1977) , and they are less than those used by the American Hereford Association. A possible explanation is that milk production in this herd may be in more appropriate balance with nutrients provided by the range. More simply stated, differences in genetic potential for milk production between age groups in this herd may be less than in other herds from which correction factors have been developed. Other factors that may have contributed to smaller age-of-dam correction factors in this herd were the age at first calf (3 yr) and the age of calf at weaning (230 d). We speculate that the age-of-dam x year interaction results from differences in nutritional requirements due to differences in physiological maturity of the cows and perhaps because of physical ability to harvest forage. Years that were best for young cows do not seem to be best for older cows when they are compared with the performance of 7-yr-old COWS.
These data support the assertion of Harwin et al. (1966) that younger cows are affected more adversely than older cows in poor vs good environments. Moreover, it is possible that the relatively poor performance of older cows in years during which young cows performed well indicates decreased ability to take full advantage of abundant forage.
It is unknown whether culling modified the age of dam or age-of-dam • year interaction in this study. Since progeny performance was not used as a criterion for culling cows, it likely did not affect age of dam response.
Postweaning Weights and Gains. Average performance for postweaning traits are shown in table 1. Generally, weight loss occurred from weaning to 12 mo of age and from 20 to 24 mo of age, with large year-to-year variation. Because animals were not supplemented, these periods are often associated with inadequate nutrition. It may be that the trait measured was a response to nutritional stress rather than potential for growth.
The average weight loss from weaning to 12 mo was 5.8 kg for males and 19.6 kg for females. Bulls gained much more than the heifers from 12 mo to 20 too, but they lost much more weight over their second winter (20 to 24 too). The net gain from weaning to 24 mo was 77.5 kg for bulls and 106.4 kg for heifers. Bulls sustained a substantially greater weight loss than heifers during the 20-to 24-mo period. This probably reflects the practice of placing heifers in the best available pasture during their second winter in preparation for the subsequent breeding season. Conversely, bulls were wintered in poorer than average pastures.
Age of dam was a significant effect on postweaning gain at some ages in both sexes. In male calves the linear and quadratic terms were significant for gain from weaning to 12 mo. However, only the linear term was significant for gain from weaning to 20 mo and neither term was significant for gain from weaning to 24 mo. In contrast, the linear term was never significant for gain in heifers, but the quadratic term was significant at 12 mo and 24 mo.
Heritability and Repeatability.
Heritabilities for all traits, as well as repeatability of weaning weight ratio, are listed in table 2. Heritability estimates for birth weight were .53 -+ .09 for males and .52 -+ .09 for females (table 2). These were within the range of estimates reported in the literature but are higher than average (Lasley et al., 1961; Brinks et al., 1962; Pahnish et al., 1964; Woldehawariat et al., 1977) .
The heritability estimate for weaning weight of females was more than three times the estimate for males. However, the estimates for all postweaning weights and gains were larger for males than they were for females. The estimates for postweaning gains of males were about twice the values found for females. Frequently heritability is higher when total weight gain is large due to improved nutrition or increased length of time between weights, However, differences in total weight gain between the sexes did not appear to be the explanation. Positive gain or less loss at 12 mo and 20 mo were greatest for males, but total gain from weaning through 24 mo was larger for females (table 1). Estimates for repeatability of weaning weight ratio and heritability for all traits in this study except birth weight were near the low end of the range of values reported in the literature. Because the animals in this herd were not supplemented, they went through (Hohenboken and Brinks, 1969; Sellers et al., 1970) . Low repeatability estimates can occur if calf growth is limited by environmental factors (Hohenboken and Brinks, 1969; Andrew et al., 1975) . This probably is a factor in this herd because climatic and nutritional stresses are common.
The heritability estimate for weaning weight ratio was .10 + .02, while the estimates for adjusted weaning weight for males and females were .05 -+ .03 and .18 • .05, respectively (table  2) . A difference between males and females was reported in a previous study of this herd by Pahnish et al. (1964) , who obtained estimates of .23 for females and .05 for males. Guilbert and Gregory (1952) stated that a heifer's physiological age at weaning might be more conducive to the genetic expression of differences than that for males. Conversely, males may be more sensitive to a sparse nutritional environment during the preweaning period, resulting from limited milk production of the dam as well as inadequate range forage.
Estimates of heritability for weight change in males were .24 • .10 for the 12-mo stage, .62 + .18 for 20 mo and .45 + .16 for 24 too. The estimates for females were .10 + .04, .29 -+ .08 and .17 + .07, respectively. Under the conditions of this study, heritability of weight change may measure additive genetic variation for a trait that differs from variation measured under less severe environmental conditions. The trait being measured at this stage of development may be additive genetic variation for response to nutritional stress. Values for 12-mo gain in other studies have been higher, in the range of .32 to .45 (Carter and Kincaid, 1959; BlackweU et al., 1962; Brinks et al., 1962) .
Heritability estimates for postweaning weights in males were .21 + .10 for 12-too weight, .46 + .15 for 20-too weight and .41 + .15 for 24-mo weights. The estimates for females were .17 +-.05, .31 + .08 and .35 + .09, respectively (table 2). Heritability estimates f•r postweaning weights have generally been higher (Brinks et al., 1972; Kennedy and Henderson, 1975a) .
Correlations Among Growth Traits and MPPA. Phenotypic and genetic correlations among various growth traits of the heifer and her subsequent MPPA were calculated for a data set of 769 cows. Genetic correlations between birth weight and all subsequent weights were positive and of moderate magnitude (.32 to .52; table 3). Genetic correlations among all other weights were large and positive (.71 to 1.11). These values are in general agreement with those reported in the literature (Shelby et al., 1963; Brinks et al., 1964; Kennedy and Henderson, 1975b) , and indicate that many of the same genes are involved in the expression of these traits. Phenotypic correla- bphenotypic correlations below diagonal.
tions among these weight traits were all positive but of smaller magnitude (.23 to .75) then the comparable genetic correlations. In contrast, genetic correlations among gain traits were dependent on whether the period of weight loss (weaning to 12 mo) was involved in the correlation. In the latter case, all correlations were negative and, with the exception of the correlation with gain from weaning to 24 mo, large in magnitude (table 4). The largest correlation was with gain from 12 to 20 mo (-.93). These two traits represent the extremes in these data for weight loss and weight gain, and indicate an antagonistic genetic mechanism. It can be hypothesized that genes favorable for high growth rate in a good nutritional environment favor enhanced cellular metabolic processes, whereas these same cellular mechanisms would result in greater weight loss in a limited or stressful nutritional environment. Hudson and Christopherson (1985) conclude that species with low metabolic rates have a higher survival rate on limited resources, although they are less able to take advantage of nutritional opportunities. The lowest metabolic rates are found in desert-adapted species and small herbivores subsisting on low quality forages.
Genetic correlations among gain traits with the 12-to 20-mo period in common were all large and positive (.71 to 1.24). This would be expected, as the 12-to 20-mo period represented essentially all of the postweaning gain observed during this study. Phenotypic correlations were generally smaller in magnitude than the corresponding genetic correlations and, with two exceptions, of the same sign. These two exceptions were the correlations between weaning to 12-mo gain with weaning to 20-too gain and with weaning to 24-mo gain. These changes in sign indicate positive environmental components of the phenotypic correlations. The major objective of this analysis was to assess the relationships between weights and gains of replacement heifers and their subsequent productivity as measured by MPPA. Phenotypic correlations among these growth traits and MPPA were all low, with the largest involving 24-mo weight (.19). Low or negative phenotypic correlations between MPPA and various weights and gains are reflected in the literature. Kress and Burfening (1972) obtained a value of. 15 for the phenotypic correlation of MPPA (for 180-d weight) and weaning weight. Mangus and Brinks (1971) obtained a phenotypic correlation of .14, which was the same as that observed in this study.
Of greater interest are the genetic correlations between a heifer's early growth traits and her subsequent MPPA. The correlation between MPPA and gain from weaning to 12 mo was .47, whereas the correlation of MPPA with gain from 12 to 20 mo was -.55. As previously discussed, these periods represent a nutritionally stressful environment (weaning to 12 mo) characterized by weight loss, and a nutritionally favorable environment (12 to 20 too) characterized by relatively large weight gains. It is evident that the genetic relationships between a heifer's early growth and her subsequent productivity are dependent on the nutritional environment during which growth is evaluated. Genes that minimize weight loss in a nutritionally stressful environment have a favorable influence on subsequent MPPA, possibly through increased milk production. In this situation, we can hypothesize that we are selecting genotypes that favor productivity under stressful conditions whether that stress is nutrition or lactation. However, genotypes that have the ability to gain rapidly under good nutritional conditions are at a disadvantage when faced with lactational stress. The concept of "environmental sensitivity", as discussed by Falconer (1981) , may help explain the divergence noted in these genetic relationships. Genotypes that are relatively insensitive to environmental changes may be better adapted to stressful situations, whereas those with a high degree of sensitivity would be adversely affected under stressful conditions. In general, high sensitivity will be selected for when both selection and the environment act in the same direction, whereas low sensitivity would be selected for when they operate in opposite directions. Support for this theory has been provided by Frisch (1981) , who reported that effective selection for improved growth rate in their stressful environment was not a result of improving growth potential, but was due entirely to increases in resistance to environmental stresses that affected growth rate.
In herds subjected to periodic nutritional stress, selection for weight is not necessarily synonymous with selection for gain. Genetic correlations involving weight traits were all positive and moderate to high in magnitude, but the same pattern was not observed for gain traits. Although not presented, the genetic correlation between weight following a stress period (12 mo) and subsequent gain (12 to 20 mo) was essentially zero (-.16 -+ .27 ). Likewise, the genetic correlation between weight following a favorable nutritional period (20-too) and gain during a stress period (weaning to 12 mo) was zero (-.02 -+ .33). These results emphasize the importance of precisely defining selection objectives in relation to specific environmental conditions. In many herds, replacement heifers are selected on the basis of rapid gain during early life. Based on the genetic correlations obtained under the environmental conditions of the present study, this procedure may be ill-advised. Selection during early developmental stages for response to stress (either natural or experimentally imposed) may be the best indicator of future cow productivity when first-calving occurs at 3 yr of age. Thus, placing a large degree of emphasis in a selection program on traits relating to growth under favorable environments may decrease fitness of a population when exposed to stressful conditions. Additional research is needed with unsupplemented range herds subjected to periods of nutritional stress to substantiate these results.
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